1. Danger ice)aqmanisytste)dlicmieelelaatciaies 


Individuals struck” by falling meteorites have been 


recorded in two cases: the 1954 Sylacuga, Alabama | 


meteorite of 4 kg mass, which indirectly hit Ann 
mleyele [ors 
meteorite fall where a 4g-sized meteorite struck a 
young boy. Neither event was fatal. 
damaged by meteorites are much more common and 
Include mailboxes ( ) and cars ( ), 

shows that meteorite fragments of order 0.1 
kg may cause serious human injury/fatality. Halliday et 
al (1985) estimated a human is struck once per 
decade by a meteorite (most likely gram-sized) while 
more than a dozen structures should be.impacted 
annually by meteorite fragments. int 


2. Updated flux estimates Vale mien) ef< (elie) mesypActs 


_ The original Halliday: et. al (1985) analysis used an 
early flux estimate of meteorite falls based on MORP 
(ofel tele la lemsyonVic) folie bsys16) an) @) ile) aise 


s)fclaleprclale MAN aianicl(<\\co Wm @-40L0Le) im 0) M@)V/ (0 (mm cys) I |paralicroum@) Male 
relative number of impactors at the top of the 
= atmosphere to meteorite fragments reaching the 
surface. Their results suggest that the ground-level 
i U)@are) iam nal=i cx) al (csswm towne) al cite) 0 (-1amm@) mm anrele|aliiule(cmm(@) "cl 
than the flux at the top of the atmosphere ( ). 
Using this relationship, assumptions from Halliday et 
elm @Relstey r= lolol) malelaarclalmcele)se)dlalar-ialemcjiguleiiulccmrele)ie)aiayt 
are combined with modern estimates of flux. The 
Space debris re-entry flux is also shown; here the 
STU AV/AVZe li i tee l(ealmrit(e)0| (em elon =>.40l-lel (clo mice melcmanluoam-laelcis 
and very different in nature. Summarizes 
expected kinetic damage frequency to humans and 
structures at various thresholds. 


Given the large number of uncertainties in this 
late INVAciiswumrs lm 0l@ 6) ale |i ale Mu ralale(<mrelaleMmossyiiaplelicwelimualoyn lossy 
value is provided together with the underlying 
ekstsiu lon) O)i(@) alse 


nin VK) (Xe) Ke) (0 fi |Up.erelamaalom te) @me)imiplowreligpless) 0)ale) fom eyetsya10, 
on photographic network measurements of the Meteorite 
Observation and Recovery Project [MORP] (Halliday et al, 
(1996), lunar impact flashes (Suggs et al, 2014) and) global 
bolide flux estimates (power law fit to data shown) for 
Tan) exeKos Ce) ecm inal sy ale) ae) (ssomn tel ee|c) munatel ein Oe ln <li (=) @e)\\V/ lic) birel ln 0) 022) 
PAN ISYoyms) g(O)WV nie) quero) an) Ofelatsye)airelmomnalemeb|palulteli\curclalalerelinalulealeceys 
of Space debris re-entries, where the mass of the debris at the 
Ie) oe) imialewreleapleys) ealeicom iss ew np 


Structures | 


— (upper left image) and the 1992 Mbale |=) 
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- The Claxton, 
meteorite fall in 1984 included a 1.5 
kg meteorite which struck a mailbox. 


- The Peekskill, New 
York meteorite (12 kg) struck a 
Chevy Malibu in 1992. 


Georgia 


- Kinetic energy 
of individual meteorite 
icelelanciales at Tag) exetort 
assuming terminal velocity. 
mlOlav4e)al tel IS KE 
limit for 50% probability. of 
a) Olaarclanmmcclteliiny sielsicle on 
Swisdak et al" (2007) 
Flares SSIS lias 
estimated 1% lethality trom 
WFeValsto) a @RS}s 2) 


10° 10' 
Meteorite Mass (kg) 


Mass (kg) 


0.1 Diameter (m) 


Suggs et al (2014) 
eee Halliday et al (1996) 
ems Space Debris Re-Entry 


ex Brown et al (2002) 


10° 10% 10= 1Ge 
Impact Energy (kT TNT equivalent) 
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: Estimate of recurrence interval of kinetic damage to various thresholds for humans and structures. 
sMar=wmaleleatclammccurcliinvZilal[Ulavaneclale[=wm=yarere)ag) erstswi=soum lalaIm => 4ic=an(-mme] 6) Ol-lam [lealiMme)Mmessiilanrelcave top of atmosphere flux, 
current world population and assumes everyone is outside all the time. The lower limit assumes current world | 
efe) elu) retire) ame lalemosZome)luicelele) me ¢elessi0lc-mr-lalem(@) ic) mllanlimelmeligaless)elalclcomilehe 


Limiting 
mass atthe Number of years between events 
ground (kg) 


> 0.1 


Type of Damage 


140 < Y< 8500 

~thousands of years (best estimate) 
50 < Y < 3000 

~few hundred to a thousand 
2<Y<120 

~decade 

0.003 <Y<0.1 

Several tens of structures per year 


Human fatality (50% 
probability) 


Human Injury (1% 
probability 


Detectable fragment hitting >0.005 
a person 


Fragment hitting structure 
which may cause 
noticeable damage 


Fragment hitting structure 
and penetrating 
roof/causing significant 
‘damage 


> 0.03 


> 0.03 


0.2 < Y < 0.5 (2-5 buildings per year globally) 
North America only (3 < Y < 5) 


Cond =1e10) cel 210m <ialo1i(emetalparalelomeonvicl alts 


Following Halliday et al (1985) we limit our statistics of structures damaged to reports from North 
America. From 1962-2016 there were [alm \Koladar-\antsya lorem (hi (oltcxelalileral 
Bulletin). Of these, .and 3 more struck Cars. 
PNaate)aleimiatessyor g . From our 
roof penetration rate estimate of once every 3-5 years in North America, we would predict 11 - 18 
such Incidents - in good agreement - and suggest that_roof penetration increases recovery 
(e) fe) ey-1e)| || NV @)alcom Ol-yesie) aim arotswm ele\-va Mme ciere)cecle malian e)vamlarsielrolaleleMmince)aamccrrovalic)diale mm celel¢o1mme(-10) lsum el0| male 
(0) dais) .<lale1i(omefolaar-le [om a-) 0le)atcre mige) palsy el-(e-melc) 0) dice 


Als BD) [sol Uksssj1e) ales ale m@xe)alelletsjiela 


Comparing the natural meteorite flux at the Earth’s surface to that of space debris, re-entering 
debris is ~2 orders of magnitude less of a kinetic hazard at all but the very largest (and therefore 
rarest) sizes compared to natural impactors. Debris re-entries over several metric tonnes are 
Ke)U lela) Ware tsi ccie[U(oval mrobomare lel ee linian) @r=-(el\e) ecm O)U| migl<mclUl AVAN cel Mite leli(@) alu ismoy.< 0l-rel(clom cen el-manluoamallelalcie 


SG lalsyilem aleve leo ice) palmaaici (ole) si tcsomral Moma cd AVES) fatal PNAVI QIN) A \Van@) al own o1exe) ce (orem | aleliccrel) mia) |Ulayangs) ele) alco p 
We expect fatalities to be even more rare, on the order of one person killed per several millennia. 
That several reports exist of small fragments/sand hitting people during meteorite falls is 
Xe) ATSVISI(S)MIMUV LUMO lel an @)eo1e|(e1tle)almnar Iman) iswcale)0|(emelee10| moNV(-)AVme(-1er-10 (m0) masiep 
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